Stabilization of an intermediate activation state for transducin by a fluorescent GTP analogue.
The GTP-binding protein (G protein), transducin, serves as a key molecular switch in vertebrate vision through the tight regulation of its GTP-binding (activation)/GTP hydrolytic (deactivation) cycle by the photoreceptor rhodopsin. To better understand the structure-function characteristics of transducin activation, we have set out to identify spectroscopic probes that bind to the guanine nucleotide-binding site of this G protein and maintain its ability to interact with its specific cellular target/effector, the cyclic GMP phosphodiesterase (PDE). In this study, we describe the characterization of a fluorescently labeled GTP analogue, BODIPY-FL GTPgammaS (BOD-GTPgammaS), that binds to the alpha subunit of transducin (alpha(T)) in a rhodopsin- and Gbetagamma-dependent manner, similar to the binding of GTP or GTPgammaS, with an apparent dissociation constant of 100 nM. The rhodopsin-dependent binding of BOD-GTPgammaS to alpha(T) is slow, relative to the rate of binding of GTPgammaS, particularly under conditions where rhodopsin must act catalytically to stimulate the exchange of BOD-GTPgammaS for GDP on multiple alpha(T) subunits. This reflects a slower rate of dissociation of rhodopsin and Gbetagamma from alpha(T)-BOD-GTPgammaS complexes, relative to their rates of dissociation from alpha(T)-GTPgammaS. The binding of BOD-GTPgammaS occurs without a change in the intrinsic tryptophan fluorescence of alpha(T), indicating that only a subtle movement of the Switch 2 domain on alpha(T) accompanies the binding of this GTPgammaS analogue. Nevertheless, the BOD-GTPgammaS-bound alpha(T) subunit is able to bind with high affinity to the recombinant, purified gamma subunit of PDE (gamma(PDE)) labeled with 5-((((2-iodoacetyl)amino)ethyl)amino)naphthalene-1-sulfonic acid (IAEDANS (K(d) approximately 13 nM)), as well as bind to and stimulate the activity of PDE, albeit less efficiently compared to alpha(T)-GTPgammaS. Taken together, these findings suggest that the binding of BOD-GTPgammaS to transducin causes it to adopt a distinct conformation that appears to be intermediate between the inactive and fully active states of alpha(T), and this fluorescent nucleotide analogue can be used as a reporter group to characterize the interactions of alpha(T) in this conformational state with its biological target/effector.